THE MILIEU OF HUMAN FACTORS IN INDUSTRIAL SYSTEMS
In 1969, the world of human factors/ergonomics (HF/E) was quite different although still recognizable to today's practitioner or researcher. The flavor of our flagship journal. Human Factors, was largely psychological in technical content and military in application domain. Into this milieu Douglas Harris cast a special issue of the journal on human factors in industrial systems, and its ripples can still be felt today. The papers elicited for this special issue covered a range of topics, remaining generally true to the psychology traditions of the journal and the Human Factors and Ergonomics Society but changing the application domain to industry, primarily the manufacturing industry. The papers encompassed employee participation, workplace design, industrial inspection/vigilance, remote training delivery, work physiology, and rest pauses, all of which find echoes in modern industrial HF/E research and practice. My thesis in this review is that although Harris in no way started industrial HF/E, he had a large influence on making it respectable and even influential within the profession.
Three illustrations of the "1969 milieu" are presented here, one from a count of papers in the journals and two from contemporary papers summarizing the content of journal papers over the previous 10 years.
As a way to quantify the content of the premier journals in North America and Europe around the time of the special issue, I examined the papers for their application domain in the three major journals in English at that time : Human Factors and Frgonomics for 1968 and Applied Frgonomics for its first three volumes: 1969,1970, and 1971 . These journals are the three classified by Dul and Karwowski (2004) as A rated in the HF/E field. Most papers in Human Factors, as now, used participants from the relevant domain or from convenietit "subject pools" such as studetits or itistitute staff. Many of the papers iti all three joumals were tiot industrially oriented by the site of the study, the type of participant, or the issues reported. For example, in Human Factors, there were papers on military/aerospace (e.g., lunar gravity: Shavelson, 1968; joystick dynamics: Perry & Birmingham, 1968; flight simulators: Mudd, 1968) as well as more general topics (e.g., vigilance : Mackworth, 1968; adaptive traitiing: Harris, 1969a: knobs and dials: Bradley, 1969) . Even the special issue on maintenance and maintainability in 1970 (e.g.. Bond, 1970) was almost exclusively military in orientation.
Industrial papers were rarer. In the special issue on developing countries (Lippert, 1968) , Corlett (1968) concentrates largely on industrial work. The special issue (yes, there were many special issues in this time period) on Soviet and European human factors (1969) was military in orientation except for Bertone ( 1969) on industry. Industrial papers outside these special issues, as well as the one we are considering here, comprised just three: Snook and Irvine (1969) on psychophysical versus heart rate criteria in manual work using participants from a local shoe factory, Badalamente and Ayoub (1969) on industrial inspection, and Galitz and Laska (1970) with a survey of computer users. In contrast, the European equivalent joumal. Ergonomics, had by my count 8 industrial papers in 1968,16 in 1969, and 13 in 1970 . At the same time, the more overtly applied joumal, Applied Ergonomics, had 17 in 1969 Ergonomics, had 17 in , 20 in 1970 Ergonomics, had 17 in , and 18 in 1971 . Even if we include the 12 papers in Harris's (1969a) Meanwhile, Chapanis (1970) was writing about a parallel subject: the differences between North American and European HF/E papers and whether they had "substantial physiological content." He had two students classify papers in Human Factors and Ergonomics by this criterion, finding that although Ergonomics had a fairly consistent 21.5% with this content over the previous 11 years, the figure for Human Factors was 4.3%. Although physiology is not a priori connected to industrial applications of HF/E, in practice, many of industry's concerns are as much physical as psychological. In a slightly different review, McFarland (1971) assessed the state of HF/E in the United States, with domain areas of aviation/air transport, architectural design/ urban planning, environmental control, and product safety singled out. He did quote a survey by Kraft (1970) that classified HF/E personnel in 1968-1969 by domain, with "industry" being larger than the other categories of consultant, government, or nonprofit research. However "industry" seemed largely confined to aviation and defense contractors.
From these analyses, we can conclude that industrial HF/E was relatively uncommon in North America, although its prevalence in Europe argues that it is indeed a legitimate concern of practitioners and researchers. It is with this background that we can briefly review the contents of Harris's special issue in 1969.
REVIEW OF THE SPECIAL ISSUE
In the preface, Harris (1969a) states the premise for the issue: "The success of human factors specialists in bridging the gap between behavioral science and technology in the development and operation of military systems should provide an excellent background for the work on industrial systems" (p. 99). McCormick (1969) shows one set of antecedents for HF/E in industry: "The Industrial Engineering Human Factors Interface." He looks back to F. W. Taylor and the Industrial Fatigue Research Board in the United Kingdom and makes the case that introducing HF/E into the training atid practice of industrial engineers will allow the discipline to make use of a well-established practitioner base. McCormick does note, however, that only 2.3% of the HFS membership was currently from industrial engineering. He is supported in the special issue by some mainstream industrial engineering papers. Rigney and Towne ( 1969) apply task-analytic structures, similar to the parallel European industrial development of hierarchical task analysis (Annett & Duncan, 1967) , to the simulation of worker actions in a maintenance troubleshooting task. Janousek (1969) details a study of changing workplace layout at a Lockheed plant using standard HF/E reference works (but without any before-and-after measurement), whereas Kattan and Nadler (1969) analyze human motions in detail. The late Harry L. Davis with coauthors (Davis, Faulkner, & Miller, 1969) shows how the Eastman Kodak Human Factors Group uses work physiology to study industrial jobs. They provide a table of 31 jobs analyzed showing the weighted working average of energy expenditure and heart rate for each, using the data to define where rest breaks or other interventions such as job enlargement are needed to provide safe working conditions. In their "outlook" section, they presage the use of electromyography (EMG) and force platforms in industry, as well as secondary task performance to measure operator loading. All of these techniques were later used, and EMG in particular is still current in the study of physical work.
The theme of rest pauses was taken up by Bhatia and Murrell (1969) in the only European paper in the issue. They used questionnaire and productivity measures in a factory situation to compare two rest break schedules (10 min every hour, 15 min four times per day) with the current practice of unofficial breaks. Although this looks superficially similar to the Hawthorne experiments (Roethlisberger & Dickson, 1939) , the experiment was much better controlled (see Parsons, 1974) . Total production increased with the controlled rest breaks, despite a decrease in overall hours worked. Of the two schedules, the 10-min-per-hour schedule was much preferred. Incidentally, no statistical analyses were provided, but the data presented allow one-way analyses of variance (ANOVAs) of efficiency and salary with the between-schedules effect hovering around significance atp = .074 andp -.049, respectively. Also included is a paper (Chaney, 1969 ) that provided quantitative data on the effectiveness of employee participation in job design at North American Rockwell. The groups that received training in participation showed increased performance and employee attitudes, with the groups that showed the most participation giving the largest increases.
Papers closer to the 1969 HF/E mainstream milieu (here I am assuming that work physiology and industrially based studies were still not mainstream in North America!) were by Smith and Lucaccini (1969) on applying vigilance research, Harris (1969b) on industrial inspection, Griver and Robinson (1969) on remote training. Springer and Harris (1969) on component alignment, and Haney (1969) on instructional format. The vigilance paper is one of the first in a long series (for a recent example, see Drury, Saran, & Schultz, 2004) to question the relevance of laboratory vigilance findings to the task of industrial inspection. The authors showed first that there was no evidence for vigilance decrements in industrial tasks (there are few even today) and suggested this is caused by the differences in complexity and motivation between laboratory and industrial settings. Harris (1969b) further explores the nature of industrial inspection in a paper that uses quantitative results from industry and a task-analytic model of inspection that is still valid. His model provides the basic elements of inspection as scanning (only presented after the rest of the elements), interpretation of standards, comparison with standards, decision making, and action. I currently use a very similar set to analyze, for example, aviation nondestructive inspection (NDI) tasks: initiate, access, search, decision making, and response (e.g., Drury & Watson, 2002 ). Harris's quantitative results on the effects of task complexity, defect rate, and amount of reinspection are still valid, but for this review, their most important characteristic is the integration of HF/E theory (e.g., vigilance research) with industrial practice.
The remaining papers also apply standard HF/E techniques to issues of format design. For remote training, Griver and Robinson (1969) measured the effectiveness of their approach against on-site training using actual purchasing agents. They found that task errors reduced after training comparably between remote and on-site training, allowing the company to make savings from remote training. Springer and Harris (1969) used visual acuity data from psychophysics to devise new alignment marks on one critical operation in the electronics industry, component alignment. They ran an initial study with naive industrial participants to show that marks using vernier acuity and minimum separable acuity were the most accurate. They then ran a production study with experieticed operators using the best marks, resulting in a single best choice. This was implemented, as it had much greater accuracy and faster use than the current system. Haney (1969) used electronics technicians in training to compare tabular and narrative formats for a functional test of electronics equipment. Again, errors were the main criterion, and the tabular format significantly outperformed the narrative format overall and for three of the four individual error types.
ASSESSMENT OF THE INFLUENCES OF THE SPECIAL ISSUE
At this point, we can evaluate the thesis of this article: How influential was the special issue? There are a number of ways to tackle this: first to measure citations directly, second to see possible influences on journal content {for Human Factors and other relevant journals) and Society membership, and third to show how particular papers have influenced the content of certain lines of research.
When the journal is measured directly by citations, the results do not initially appear encouraging. Ofthe 12 papers in the special issue, only 3 appear in the Web of Science database: Davis, Faulkner, and Miller (work physiology) with 17 citations Bhatia and Murrell (rest pauses) with 9 citations Kattan and Nadler (motion analysis) with 3 citations When the actual citations are analyzed by time after publication, we see quite different patterns for the three cited papers. The Davis et al. (1969) paper was cited 10 times until 1979,7 more until 1987, and none subsequently. The Bhatia and Murrell (1969) paper was cited once in 1972 and then not until 1990, after which there were 8 citations through to June 2007. For the Kattan and Nadler (1969) paper, 1 citation occurred in 1985, 1 in 1990, and 1 in 1999. The impression is that the review paper on work physiology was quite influential soon after publication, but more contemporary references were used over the most recent 20 years. In contrast, the rest pauses paper had little immediate influence but is currently being cited frequently. The motion analysis paper has had a low but continuing influence. What stands out is that none ofthe papers in more mainstream Human Factors areas, such as inspection, training, or vigilance, has been cited. Interestingly, citation rates for the papers in the special issue are not out of line with overall Human Factors citation rates from 1970 to 2000 (Lee, Cassano-Pinché, & Vicente, 2005) . Lee et al. (2005) showed that most papers were never cited and that a few papers (and authors) accounted for the majority of citations. Their list of the topcited papers in the three decades covered by the review shows a consistent 1 or 2 out each 10 with some industrial content. Although measuring impact by citation count is objective, it does not always agree with perceived quality of journals (not individual papers) in some fields of science (Dul & Karwowski, 2004) . However, for the HF/E field, there was considerable agreement, with a significant correlation across six journals of 0.90 (Dul & Karwowski, 2004) . It does appear that citation counts in our field are a useful indicator of overall journal quality but not necessarily of the quality of individual papers within these journals.
A second way to measure impact is by current comparison ofthe North American and equivalent European journals already analyzed in 1968-1970, but there is not much to cheer the industrial practitioner here either. Table 1 shows a comparison based on my classification of papers, with the caution that others may not find the same totals. "Industrial" includes papers based on industrial data or simulations of industrial tasks performed by appropriate participants. However, the classification would have to be very poorly performed to find the conclusion misleading: There has always been more interest in industrial HF/E in Europe than in North America, and the industrial content has increased somewhat in the former region but not in the latter.
For the industrial papers, about 82% of those in Ergonomics concerned physical HF/E, whereas the comparable figures for Human Factors (53%) and Applied Ergonomics (48%) show a more even balance between physical and cognitive aspects of the discipline.
Another influence worth evaluating is whether industrial HF/E has grown in other ways than those represented by Human Factors. First, there are new journals specifically devoted to HF/E in largely nonmilitary and nonaviation domains, which in practice means industry, both manufacturing and service. Three are based in North America, as shown in Table 2 . There is now a considerable outlet in North America for HF/E papers in the industrial domain. A second route for this evaluation is the technical groups within HFES. Although many technical groups in HFES have some interest in industry (e.g., safety, macroergonomics), the main one is the Industrial Ergonomics Technical Group (IETG).
Currently (2007), it has 523 members and is the third largest technical group. However, the technical center of the IETG is quite firmly within physical HF/E, just one of the areas represented in Harris's special issue. Some of this rather onesided growth has come from the great societal interest in musculoskeletal injuries, with upper extremity repetitive-motion injuries adding to the traditional HF/E concern for back injuries. It is interesting that more cognitive aspects of the industrial domain are still as unusual in the Society's annual meeting as they were in 1969.
In 1969, the paper by Harris himself (Harris, 1969b) was most useful to me as an industrial practitioner. At that time, I was the manager of an HF/E group in the glass industry in the United Kingdom, charged with planning the activities of the group to meet company goals. We actually did very little work on musculoskeletal injuries (lifting), as management and labor seemed happy to tackle the question of "how much glass should a person lift?" as a bargaining issue and really did not want research findings. Our primary focus areas were industrial process control, quality control, and training for unusual skills such as fiberglass production. Harris's paper on quality control and his book with Chaney (Harris & Chaney, 1969) were current and available sources of research findings and examples of successful industrial practice.
For many years, I had a portfolio of about 20 industrial inspection studies that I used to convince managers that practical results could flow from HF/E research: Two of Harris's studies were in that compilation. I had already (Drury & Sheehan, 1969) worked on the continuing quality control problem of inspection reliability (in fact in North America) and was struggling with quite a different inspection problem, that of finding defects in large areas of fiat glass. This is what Harris characterized as "scanning" and was very much at the low end of his complexity scale. However, his results on the probability of a defect occurring proved directly useful in our research on the effects of feedback on inspection performance (Drury & Addison, 1973) . I did not get a chance to tackle the complexity issue until I became university based (Gallwey & Drury, 1986) but then found effects similar to those reported in Harris (1969b) . In fact, since 1969, both D. H. Harris and I have continued to publish on the area of inspection, which, despite the best efforts of Deming, does not seem to go away. Indeed, a special issue on occupational ergonomics (Landau, 2006) was devoted to the ergonomie design of inspection tasks. Although industrial inspection in the sense of an inspector at the end of a production line is (thankfully) rare, the same behavioral models are quite applicable to more "modern" domains such as NDI of aircraft components (Drury, 2003; Hards, 1997) and security inspection at airports (Drury, 2002; Harris, 2002) .
CONCLUSIONS
The original thesis of this article was that Harris's special issue of Human Factors had a large influence on making industrial HF/E respectable and even influential in the profession in North America. Although direct counts of citations in Human Factors have not proven the thesis (numbers are hardly changed over 35 years), there have been several other manifestations of the influence of this special issue. There are three new journals in our field specifically related to HF/E in industry. These in total provided an outlet for 133 papers in their most recent complete volumes, greater than the total for our original journal. Human Factors (92 papers). One newer journal. Human Factors and Ergonomics in Manufacturing, is specifically devoted to manufacturing concerns, whereas another, the International Journal of Industrial Ergonomics, covers the whole of industry. The research interest in industrial HF/E has certainly grown in North America as it has in Europe, although there the original journals have expanded their industrial content. The field has also become a major technical group of HFES, and specific areas covered in Harris's special issue are still active research areas. Specifically, Harris's own paper on quality inspection has provided a basis for much of my own work, plus that of others (e.g.. Landau, 2006) , and has expanded from industrial inspection to inspection tasks in domains such as aviation maintenance and security. Perhaps influence is not always determined by analysis of citation counts.
